Synopsis Hormones are dynamic signaling molecules that influence gene activity and phenotype, and they are thus thought to play a central role in phenotypic evolution. In vertebrates, many fitness-related traits are mediated by the hormone testosterone (T), but the mechanisms by which T levels evolve are unclear. Here, we summarize a series of studies that advance our understanding of these mechanisms by comparing males from two subspecies of dark-eyed junco (Junco hyemalis) that differ in aggression, body size, and ornamentation. We first review our research demonstrating population differences in the time-course of T production, as well as findings that point to the gonad as a major source of this variation. In a common garden, the subspecies do not differ in pituitary output of luteinizing hormone, but males from the more androgenized subspecies have greater gonadal gene expression for specific steroidogenic enzymes, and they may be less sensitive to feedback along the hypothalamo-pituitary-gonadal (HPG) axis. Furthermore, we present new data from a common garden study demonstrating that the populations do not differ in gonadal sensitivity to gonadotropininhibitory hormone (i.e., GnIH receptor mRNA abundance), but the more androgenized subspecies expresses less gonadal mRNA for glucocorticoid receptor and mineralocorticoid receptor, suggesting altered cross-talk between the hypothalamo-pituitary-gonadal and -adrenal axes as another mechanism by which these subspecies have diverged in T production. These findings highlight the diversity of mechanisms that may generate functional variation in T and influence hormone-mediated phenotypic evolution.
Introduction
The sex steroid hormone testosterone (T) influences many components of the phenotype, including aggression, parenting, immune function, mating signals, and reproduction (Adkins-Regan 2005) . These traits are closely tied to Darwinian fitness, suggesting that changes in the regulation of T production or response may be proximate mediators of phenotypic evolution Hau 2007; Zera et al. 2007 ). Artificial selection on T levels can influence hormone-mediated traits (Robison et al. 1994; Walker et al. 2004; Mills et al. 2012) , and via such heritable changes, T has the potential to shift entire suites of traits in response to changing environmental conditions (Hau 2007; Ketterson et al. 2009; Wingfield 2012) .
In practice, it is unclear exactly how this process might occur because there is no single gene ''for'' T that could be altered in its sequence or regulation over evolutionary time. Instead, levels of T circulating in the bloodstream are regulated by a complex hormone cascade with many moving parts, any one of which could influence the evolution of T levels or T-mediated traits. At its core, this endocrine system involves hormone production, hormone transport and availability, and hormone response in target tissues (Ball and Balthazart 2008) . T production is largely governed by the hypothalamo-pituitary-gonadal (HPG) axis, which is activated when environmental cues are relayed to the hypothalamus, stimulating release of gonadotropin-releasing hormone (GnRH), which then stimulates the pituitary to secrete gonadotropins, including luteinizing hormone (LH). This LH signal stimulates the gonad to convert cholesterol to T through a series of enzymatic reactions. T production in the gonad is influenced not only by tropic
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Society for Integrative and Comparative Biology hormone stimulation (i.e., LH binding to LH receptors to activate steroidogenesis), but also by hormones that may act to suppress T production, e.g., gonadotropin-inhibitory hormone (GnIH) or corticosterone (CORT) (Hu et al. 2008; McGuire and Bentley 2010a; Deviche et al. 2012; Ubuka et al. 2012) . Once produced, T circulates through the bloodstream in conjunction with carrier proteins and other co-factors, which can influence how readily T can diffuse into cells in various target tissues (e.g., brain nuclei, muscle). There, free hormone can bind to the appropriate receptors and co-factors to initiate downstream responses, which are often mediated via changes in transcription and translation. A number of feedback loops fine-tune regulation of this system, e.g., T may bind androgen receptors in the hypothalamus, resulting in negative feedback on the HPG axis.
This complexity has important implications for the phenotypic scope and tempo of evolutionary change (Hau 2007; Adkins-Regan 2008; Ketterson et al. 2009 ). For example, an evolutionary change in a rate-limiting steroidogenic enzyme in the gonad could immediately alter many components of the phenotype via T's effects on a range of tissues throughout the brain and body. On the other hand, a single change in the regulation of androgen receptor (AR) in one brain area might affect only a limited subset of traits that are mediated by the specific neuronal populations in which that AR is expressed. Along similar lines, T levels themselves might evolve more quickly if they can be shifted by a single change at only one level of the HPG axis, but they might evolve more slowly if they require multiple, coordinated evolutionary changes along the entire HPG axis. These issues have received important theoretical attention (Hau 2007; Adkins-Regan 2008; Ketterson et al. 2009 ), but empirically, it is still unclear if evolution alters components of the endocrine system as a suite vs. independently. To begin to understand where organisms lie along this continuum of independence and integration, we have taken a largely gene regulatory approach by measuring expression of a carefully selected set of genes whose products ought to influence T production.
Testosterone as a mediator of phenotypic evolution in the junco
The dark-eyed junco is an excellent system in which to begin to address some of these issues in evolutionary endocrinology. This North American sparrow has diversified into several distinct subspecies in the last 10-15k years, and they differ markedly in life history, coloration, and behavior (Nolan et al. 2002; Mila et al. 2007; Aleixandre et al. 2013 ). More importantly for our purposes, studies within populations suggest that many of these phenotypes are T-mediated to some degree. For example, T implants administered to adult male slate-colored juncos (Junco hyemalis carolinensis) lead to coordinated changes in mating effort, parental effort, and self-maintenance. T-treated males sing more songs and are more attractive to females, but they provision offspring less, and have delayed molt and suppressed immune function Nolan et al. 1992; Enstrom et al. 1997; Casto et al. 2001) . T-implanted male juncos also have higher baseline and stress-induced CORT, and greater capacity of plasma to bind CORT (Klukowski et al. 1997; Schoech et al. 1999; Deviche et al. 2001) . Overall, T implants appear to enhance fitness via gains in extra-pair mating success, which outweigh the costs of T for survival (Reed et al. 2006) . Similar patterns emerge from examining the relationship between natural variation in T production and phenotype. For example, when males in breeding condition are given a standardized injection of GnRH to assay gonadal potential, they vary repeatably in how much T they produce (Jawor et al. 2006) , with some males reliably producing only a small T rise above baseline, and others nearly tripling the amount of T circulating at 30 min. The magnitude of this T elevation tracks seasonally shifting tradeoffs between mating effort, parental effort, and selfmaintenance (Jawor et al. 2006) and correlates with natural variation in other components of phenotype, including ornamentation (tail white), aggression, and parental care (McGlothlin et al. 2007; McGlothlin et al. 2008) . Critically, variation in this hormonal phenotype among males predicts survival and reproductive success in the wild (McGlothlin et al. 2010) , suggesting that T may play an important role in phenotypic evolution in this system.
The research summarized here extends this line of inquiry via a series of hormonal and molecular studies contrasting two particular subspecies of junco. The first is the Carolina subspecies (J. h. carolinensis) that has been the focus of much prior research on T, phenotype, and fitness, summarized above. We studied these birds in the Appalachian mountains of Virginia, and contrasted them to the white-winged junco (J. h. aikeni), which is endemic to the Black Hills of South Dakota. White-winged juncos are the largest of the junco subspecies, and they have the most exaggerated white plumage ornamentation, which includes flashy white tail feathers and prominent white wing bars (Nolan et al. 2002) .
White-winged juncos also respond more aggressively to a standardized resident-intruder assay (Bergeon , suggesting that at least with regard to body size, ornamentation, and aggression, white-winged juncos are phenotypically similar to an exaggerated version of the most androgenized Carolina male.
Population divergence in the time-course of testosterone production One hypothesis for this correlated divergence in a suite of T-mediated traits is that the populations have diverged in T levels, with South Dakota (SD) males producing more T than Virginia (VA) males. We recently tested this hypothesis in male juncos that were captured as adults and sampled in a common aviary environment on a light regime that mimicked the early spring (Rosvall et al. In press) . We found that SD males had significantly higher T than VA males at 15, 45, and 90 min after GnRH challenge, although they did not differ at baseline, 60 min, or the 30 min sampling time that is widely used in evolutionary endocrinology, including our own research (Bergeon Burns et al. 2014 ). These differences sum to significant population differences in integrated T, or the area under the curve of T vs. time. Thus, following standardized HPG axis stimulation when day length, social interactions, and food were held constant, SD males elevated T more rapidly, to a higher peak, and T remained elevated above baseline levels for longer, compared to VA (Rosvall et al. In press) .
From an evolutionary perspective, this is both exciting and unsatisfying. On the one hand, SD males ought to experience greater tissue exposure to T over time, which may account for their greater expression of a suite of T-mediated traits. On the other hand, we are still left with a complex set of possibilities that could account for this variation in T profiles.
Why the gonad?
In our quest to inch closer to the genomic differences that may underlie these population differences in T and T-mediated traits, we initially focused on variation in LH. Surprisingly, we found that an individual male junco produces almost exactly the same amount of T in response to a GnRH challenge as he does to a standardized exogenous LH challenge, but neither of these T levels is correlated with the endogenous levels of LH each male produces to a GnRH challenge (Bergeon Burns et al. 2014) . Gonadal LH receptor mRNA abundance also does not predict T production, but gonad size does (Bergeon Burns et al. 2014) . Thus, although LH secretion is clearly critical for gonadal steroid synthesis, these within-population data suggest that individual differences in LH signal and LH sensitivity have little quantitative effect on the specific amount of T each male produces. Instead, individual differences in T production relate to some property of the gonad itself.
At the population level, captive SD and VA males do not differ in the amount of LH released in response to a standardized injection with GnRH (Bergeon Burns et al. 2014 ). This observation further suggests that divergence in pituitary output is not a major factor differentiating the two populations. Results related to gonadal sensitivity to this incoming LH signal are more complex: VA males have higher constitutive gene expression for LH receptor in the gonad, suggesting greater sensitivity to LH compared to SD. This result suggests that SD males are elevating T more rapidly in spite of apparently lower sensitivity to a similar LH signal. In a common garden, VA males also have higher gene expression for AR in the rostral hypothalamus, suggesting that VA males may be more sensitive to feedback at both the gonad and the hypothalamus (Bergeon Burns et al. 2014) . While these data are consistent with the slower return to baseline in SD compared to VA, they are not consistent with our observation that SD males elevate T more rapidly after GnRH challenge, suggesting that other mechanisms that lie downstream of the pituitary (i.e., the gonad) also contribute to population divergence in T profiles.
Building upon these findings, we have recently focused on a largely 'gonad-centric' set of hypotheses for population divergence in T production. Specifically, we hypothesized that VA and SD males have diverged in gonadal (1) steroidogenesis, (2) sensitivity to glucocorticoids, and (3) sensitivity to GnIH. We measured gene expression to assess the gonad's molecular capacity to produce T (hypothesis 1) and its sensitivity to other hormones (hypotheses 2 and 3). Our approach builds upon prior research suggesting that gene expression is not only the primary determinant of protein abundance (Li and Biggin 2015) , but is also an important source of heritable phenotypic variation within and among species (Whitehead and Crawford 2006) . Here, we review a recent study on hypothesis 1, followed by new data to bear on hypotheses 2 and 3.
Materials and methods
We measured gene expression in one testis from 79 males in the wild and in captivity (n ¼ 19 SD captive, Gonads and phenotypic evolution 3 17 SD field, 26 VA captive, 17 VA field). All of these gonads were collected as a part of studies on individual, sex, and population variation in hormonemediated traits (Rosvall et al. 2012a; Bergeon Burns et al. 2013; Rosvall et al. 2013; Bergeon Burns et al. 2014; Rosvall et al. In press ).
Field sampling in Virginia and South Dakota
In the field, males were captured on their territories in the spring in SD (43846 0 N 103836'W, dates: 14-22 May 2010) and VA (37822'N, 80832'W, dates: 1 May-5 June 2010). Each male experienced a 6-min simulated territorial intrusion (STI) just before capture, followed by overdose of isoflurane and decapitation. Gonads were dissected from the body and frozen on dry ice for later qPCR. Trunk blood was collected for later quantification of T in plasma, using EIA as in Clotfelter et al. (2004) . We do not expect that the short, ante-mortem STI had effects on hormone levels or expression of these genes because (1) the latency from STI initiation to capture was shorter than the timeframe thought to initiate appreciable changes in all but immediate early genes (10.7 AE 0.8 min), and (2) studies suggest that male juncos do not elevate T in response to most STIs, except perhaps when their mates are re-nesting Rosvall et al. 2012b ).
Captive aviary environment
Males were caught as juveniles late in the summer of their hatch year, and they overwintered in a mixed sex flock in a semi-natural aviary at Indiana University on a light regime mimicking their native photoperiod. Due to logistical constraints, the populations were studied in consecutive years, but every effort was made to standardize their treatment, including use of the same exact dates, rooms, cages, animal care personnel, and light advancement schedule. On March 2, before reaching a stimulatory day length, birds were advanced to 16L:8D over a period of 8 days, with the goal of overriding any subtle differences in photostimulatory day length with this rapid advancement. After allowing 3 weeks at 16L:8D for gonadal recrudescence, each bird received one hormone challenge to measure its ability to produce a transient rise in LH (after GnRH injection) and two hormone challenges to measure ability to produce T (after LH and after GnRH injections), with each injection separated by 5 days. Plasma was reserved for later RIA (LH) or EIA (T). Five days after the last hormone challenge, males were euthanized and tissues preserved, as above. We do not anticipate that earlier hormone challenges had appreciable effects on T or related gene expression on the day of euthanasia because T levels typically return to baseline within $2 h after GnRH challenge (Jawor et al. 2006 ), and we have previously shown that exogenous stimulation of the HPG axis has no effect on T levels measured 5 days later (Bergeon Burns et al. 2014) . Captive males were capable of marked T production (average 30 min after GnRH challenge ¼ 7.7 ng/mL, ranging from 4.4 to 15.9 ng/mL (Bergeon Burns et al. 2014) , which is comparable to levels observed in the wild in the early spring (Jawor et al. 2006) . Post hoc comparison of a subset of gonads confirmed that the populations did not differ in gonad size. Both were in an early breeding stage with gonads roughly 75% of the size of fully recrudesced gonads collected in the field.
Quantification of gene expression
RNA was extracted from gonads using Trizol (Invitrogen, CA, USA) and 1mg was reverse transcribed with Superscript III (Invitrogen). cDNA samples were amplified via qPCR, in duplicate for each gene of interest using PerfeCta SYBR Green SuperMix with low ROX (Quanta Biosciences, Gaithersburg, MD, USA), run on a Strategene MX3000P, and analyzed with MxPro (v.4.10, Agilent, Santa Clara, CA, USA). For each sample, we also measured expression of a reference gene in duplicate, and quantified transcript abundance as the fold difference in expression for the gene of interest, compared to a pooled standard that we derived from junco gonadal tissue, and normalized by expression of a ribosomal protein (RPL13A) as a reference gene (Livak and Schmittgen 2001) . In earlier work, we demonstrated that the populations did not differ in expression of RPL13A, and we used it here as a reference gene in analyses of MR, GR, and GnIH-R mRNA abundance. See online Supplementary Data for further qPCR details and primer sequences.
Statistical analyses
We used JMP v.12.1.0 (SAS Institute, Cary, NC, USA) for all analyses. We tested gene expression data for normality (Shapiro-Wilks) and log 2 -transformed values when necessary. To compare the populations in gene expression for MR, GR, and GnIH-R, we used two-way linear mixed models with fixed effects of population and environment (field vs. captive), as well as their interaction. We used post hoc Tukey tests to contrast populations in captivity and in the field.
Divergence in gonadal steroidogenesis
Enzymes that catalyze multiple or branched steps, and those located early in biosynthetic pathways, are thought to have the greatest effect on flux through pathways (Wright and Rausher 2010; Rausher 2013 ). For steroidogenesis, this highlights four candidates as important players: first, steroidogenic acute regulatory protein (StAR) is a transport molecule that works with other co-factors to bring cholesterol into the inner mitochondria membrane, where steroidogenesis occurs. Second, cytochrome p450 side-chain cleavage (p450scc) catalyzes the first reaction in steroidogenesis, with the conversion of cholesterol to pregnenolone. A series of reactions involving 3--hydroxysteroid-dehydrogenase (3HSD) and cytochrome p450 17-hydroxylase (CYP17) convert pregnenolone to androstenedione, which is the last intermediary before conversion to T. Each of these four enzymes has been linked with T production in the human biomedical literature (Payne and Youngblood 1995) , providing a strong backdrop of potential causality.
We found robust population differences in gonadal expression of steroidogenic enzymes (Rosvall et al. In press ). In the field, SD testes expressed marginally more StAR mRNA and significantly more p450scc and CYP17 than VA testes, but there were no population differences in 3HSD. For the two cytochrome enzymes (p450scc and CYP17), these population differences persisted in the same direction in a common aviary environment, demonstrating population differences that are likely to be either genetic or set by early development mechanisms. These data are consistent with our hypothesis that differential regulation of these genes may have contributed to population divergence in the time-course of T elevation as well as divergence in T-mediated phenotypes over evolutionary time (Rosvall et al. In press) .
Divergence in gonadal sensitivity to hormones that may suppress testosterone production Glucocorticoids Steroidogenic Leydig cells in the testes are known to express glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) (Dong et al. 2004; Lattin et al. 2012 ). Due to its higher affinity for CORT, MR is thought to mediate responses to lower, homeostatic levels of CORT, whereas both receptors influence responses to the elevated levels of CORT that occur in response to acute stressors (Landys et al. 2006; Hu et al. 2008) . CORT signaling can influence HPG axis activity via effects on the brain and pituitary, but critically, CORT is also thought to influence gonadal steroidogenesis without affecting LH secretion from the pituitary, by acting directly at the level of the gonad (Deviche et al. 2012; McGuire et al. 2013 , see also Deviche et al. 2014) . Indeed, testes express both MR and GR, and at least in mammals, CORT can suppress transcription and translation of steroidogenic enzymes (Hu et al. 2008 ). If population divergence in gonadal sensitivity to CORT is an important mechanism differentiating VA and SD juncos, then VA males ought to have higher MR and GR gene expression than SD males, in line with their generally slower time-course of T production. Divergence in GR, but not MR, would suggest that differences may only be relevant during periods of elevated CORT, and vice versa.
We found that VA and SD males do not differ in gonadal expression of either of these genes in their respective natural habitats, but consistent with our initial prediction, both MR and GR mRNA were more highly expressed in VA vs. SD males, when the environment was held constant in captivity ( Fig.  1A,B ; Table 1 ). This divergence in a common garden suggests that the populations differ inherently in one measure of testicular sensitivity to glucocorticoids, and the direction of this effect is consistent with the slower and lower T profile identified in VA, also in a common garden. At this stage, it is unclear why the pattern detected in captivity was not seen in the field, although it may reflect plastic responses to different environmental conditions in the field or population differences in responses to captivity. Our observation that the populations differ in both MR and GR mRNA suggests the potential for divergence in CORT-related inhibition of steroidogenesis under both homeostatic (low CORT) and metabolically demanding/high stress (high CORT) conditions.
Whether the populations also differ in baseline or stress-induced CORT levels is unknown at this stage, and surely influences interpretation of these findings. For example, the shorter breeding season and more extreme environment of SD might favor greater CORT in SD than VA, similar to other environments with limited breeding seasons (Atwell et al. 2012; Jessop et al. 2013) . If true, such a pattern of more ligand interacting with fewer receptors could lead to a level of CORT signaling that is not functionally divergent among populations. Alternatively, if CORT levels were similar, this apparently lower gonadal sensitivity to CORT in the SD population may contribute to less inhibition of steroidogenesis, which is consistent with our observation that key steroidogenic enzymes are Gonads and phenotypic evolution 5 upregulated in SD gonads, compared to VA (Rosvall et al. In press) . CORT and T can both bind to corticosteroid binding globulin (CBG), rendering the bound hormone unavailable for use (Malisch and Breuner 2010) . If the populations differ in CBG capacity or affinity, this could also influence the amount of free hormone available to influence T production and T-mediated traits. Clearly, future work on the relationship between T and CORT signaling, and how it evolves, is warranted.
GnIH
GnIH was originally described as a hypothalamic neuropeptide that inhibits the secretion of gonadotropins and testosterone, and it is thought to allow animals to temporarily pause reproductive and sexual behaviors during certain conditions or breeding stages (Tsutsui et al. 2012) . Importantly for our purposes, GnIH receptors (GnIH-R) are not only present in the brain but also in the gonad, and GnIH treatment of gonadal tissue culture can lead to reduced T secretion (McGuire and Bentley 2010a; Ubuka et al. 2012) . Although research on GnIH is still in its infancy, research to date on a limited set of species strongly suggests that the molecular mechanisms are in place for GnIH to act at the level of the gonad to influence T production. We found a significant interaction between population and environment, which demonstrated that the SD males expressed significantly more gonadal GnIH-R mRNA than VA males in the field, but the populations did not differ in GnIH-R gene expression in captivity ( Fig. 1C ; Table 1 ). The lack of difference in captivity suggests that population differences in the field do not represent evolved differences in this measure of gonadal sensitivity to GnIH, but they instead reflect a gonad that may be more capable of shutting down in the SD environment. Fig. 1 . Testicular gene expression in the field and in captivity for (A) glucocorticoid receptor, (B) mineralocorticoid receptor, and (C) GnIH receptor. Gene expression is unit-less and quantified on a log 2 scale relative to a calibrator sample. Significant differences between-populations are denoted with asterisk. See Table 1 for all statistics. GnIH signaling has not been studied in juncos, but in other species, it may be upregulated early in the spring, before breeding has yet begun, perhaps suggesting that we inadvertently sampled the two populations at different reproductive stages in the field. However, gonads in both populations were fully recrudesced and did not differ in size (Rosvall et al. In press ). An alternative hypothesis is that population differences in the field represent adaptive, flexible responses to the more extreme environment in SD. Late spring snowstorms are common in the Black Hills, and it may be adaptive for supplemental cues to foster readiness to switch off the reproductive axis in the form of elevated GnIH-R. GnIH is thought to mediate responses to various environmental stressors, including food shortage (Lynn et al. 2015) , which may be relevant in the more unpredictable SD environment. Whatever the reason, our results suggest that gonadal gene expression of GnIH-R is not an inherently divergent mechanism that could account for population differences in T production.
Implications for the evolution of hormonal phenotypes
Our studies on Virginia and South Dakota juncos highlight at least three potential mechanisms underlying population divergence in testosterone production. First, VA males have lower gonadal gene expression for specific steroidogenic enzymes in a common garden (Rosvall et al. In press) . Second, these populations also differ in apparent sensitivity to glucocorticoids, with VA males having higher gene expression for MR and GR receptors in the gonad when the environment was held constant in captivity (this article). To the degree that transcript abundance predicts receptor abundance, VA males' testes appear to be more sensitive to CORT, which is known to act on the gonad directly to suppress T production. Third, VA males appear to be more sensitive to negative feedback at the top of the HPG axis (Bergeon Burns et al. 2014) , suggesting that they more readily slow down T production compared to SD males. Thus, these phenotypically distinct subspecies have diverged in a combination of factors that may alter the degree to which, or rate at which, T is produced in response to appropriate environmental signals (summarized in Fig. 2 ). We propose that this divergence in T production influences the expression of many phenotypes that differ between these two populations.
Multiple lines of evidence demonstrate population divergence at the level of the gonad. This point is significant for understanding how hormonemediated traits evolve for at least two reasons. First, much of recent evolutionary endocrinology focuses on the brain's important role in generating phenotypic variation (Goodson et al. 2012; Horton et al. 2014 ), yet other tissues also may harbor sources of variation that can diversify over evolutionary time (Kitano et al. 2011) . Testes can integrate cues from the environment via a range of signaling systems, including the ones studied here and others, via testicular melatonin, GnRH, and corticotropin releasing hormone receptors (McGuire and Bentley 2010b; McGuire et al. 2011) . As a consequence, activation of the entire HPG axis is not required for the environment to influence gonadal function. Of course, the birds we studied here may also differ in the brain or other tissues in ways that we have not yet measured, such as hypothalamic GnRH production or sensitivity, and the rate of hormone breakdown in the liver. Our results nonetheless add to an emerging body of literature suggesting that the gonad may be more important in generating phenotypic variation than previously thought, and further study of peripheral mechanisms may be fruitful for the growing field of evolutionary endocrinology.
A second key implication of these studies is that the endocrine system can diverge via multiple interconnected mechanisms, but the entire HPG axis does not diverge as a suite. These subspecies do not differ in the amount of LH produced in response to a standardized GnRH challenge (Bergeon Burns et al. 2014) , and SD males do not show a widespread upregulation of sex steroid sensitivity across behaviorally relevant brain areas (Bergeon . The subspecies do differ in gonadal sensitivity to CORT and some steroidogenic enzymes, but not in GnIH sensitivity. Thus, endocrine components do not necessarily diverge in tandem, even within one tissue. On the one hand, this pattern may suggest a relative ease with which T levels might evolve. On the other hand, it also highlights the many checks and balances on T production, suggesting the Gonads and phenotypic evolution 7 potential for compensatory mechanisms to slow the rate of evolutionary divergence in T levels. Juncos offer an extraordinary opportunity to tease apart some of these issues because divergence times range from contemporary (Atwell et al. 2014 ) to roughly half a million years (Aleixandre et al. 2013) . Further study of more populations along this continuum would provide important insights into how endocrine changes scale with divergence time (Bergeon Burns and Rosvall 2016) . Greater integration with ultimate explanations for population divergence will also be critical to understanding why endocrine mechanisms diverge one way vs. another. 
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